It is well established that the period of time between a call being made to emergency medical services (EMS) and the time at which EMS arrive at the scene (i.e., the response time) affects survival outcomes in patients who experienced out-of-hospital cardiac arrest (OHCA). However, the relationship between response time and favourable neurological outcomes remains unclear. We therefore aimed to determine a response time threshold in bystander-witnessed OHCA patients that is associated with positive neurological outcomes and to assess the relationship between response time and neurological outcomes in OHCA patients.
Introduction
Survival rates following out-of-hospital cardiac arrest (OHCA) have long been used as an indicator of the effectiveness of emergency medical services (EMS).
The pre-hospital predictors of survival rates include age, bystander eyewitness, bystander-initiated cardiopulmonary resuscitation (CPR), origin of cardiac arrest, primary electrocardiography rhythm, defibrillation, and time to CPR initiation. [1] [2] [3] [4] [5] [6] [7] [8] The period of time from when a call is made to EMS to the point when EMS arrive at the scene (i.e., the response time) is another predictor. Several reports show that shorter EMS response times improve survival rates in OHCA patients. [9] [10] [11] [12] [13] Current recommended response times are based on an article published in 1979 that evaluated patient outcomes after OHCA from non-traumatic causes. 14 The authors reported that survival decreased significantly if basic life support (BLS) and advanced life support spontaneous circulation (ROSC) or arrival at the hospital, and CPR is performed throughout the transfer process.
Patient selection
The patients in this study were selected from among all patients in the All-Japan Utstein Registry who had experienced OHCA before the arrival of EMS personnel, and who were subsequently treated by EMS personnel and transported to a medical institution in Japan between January 1, 2006 and December 31, 2012. We excluded the following patients; those under 18 years of age; those whose OHCA episode had been witnessed by EMS personnel; those in whom spontaneous circulation had been restored before the arrival of EMS personnel; those from whose medical records data were missing; those for whom more than 120 min had elapsed from the emergency call being made to hospital arrival, or more than 60 min had elapsed from the emergency call being made to the initiation of CPR, and/or more than 120 min had elapsed from the initiation of CPR to hospital arrival; those who had been transferred under a physician's care and/or without specially-trained EMS personnel; those whose OHCA episode was not bystander-witnessed; and/or those in whom the response time was 0 min.
Data collection
The durations of each procedure was recorded using a timekeeping device employed by each EMS system. The device records the time of receipt of the emergency call by EMS, ambulance arrival at the scene, initial contact with the patient, initiation of CPR, and arrival at the hospital. Patient data included sex, age, initial cardiac rhythm, and time course of resuscitation, as well as whether a bystander had witnessed the episode of cardiac arrest and/or initiated CPR, whether the patient had been intubated, whether epinephrine had been administered, and whether spontaneous circulation had been restored before hospital arrival at the hospital. One month after the event, the EMS staff who had initially handled each OHCA patient case collected follow-up data regarding survival and neurologic status during a meeting with the medical control director at the hospital. The physicians in charge examined each patients and determined their neurological outcomes. If these patients were transferred other hospital, physicians at the hospital examined them and determined those outcomes.
If these patients were discharged from the hospital, the EMS personnel conducted follow-up serach. A favourable neurological outcome was defined as a Cerebral Performance Category (CPC) score of 1 (good performance) or 2 (moderate disability).
An unfavourable neurological outcome was defined as a score of 3 (severe cerebral disability), 4 (vegetative state), or 5 (death). [25] [26] [27] [28] In partnership with the medical control director, emergency personnel summarized the data from each OHCA case according to the standardized Utstein style. These procedures were used to integrate data−collected at approximately 800 fire stations that maintain dispatch centres in 47 prefectures−which were integrated into the national registry system on the FDMA database server.
Statistical analysis
CARTs analysis was used to classify all included patients according to the response time threshold that predicted a favourable neurological outcome. The classification tree was cross-validated 10 times. In ROC curve analysis, optimal cut-off values for the response times that predicted favourable neurological outcomes were also calculated using the Youden Index. In addition, we performed CARTs analysis and ROC curve analysis for the following subgroups: cardiac-origin OHCA patients, OHCA patients who received bystander CPR, and cardiac-origin OHCA patients who received bystander CPR. Patient characteristics and outcomes were compared using the Mann-Whitney U test (for numerical variables) and the chi-squared test (for categorical variables). The adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for outcomes were assessed using logistic regression analysis that included the independent variables of age, sex, whether or not CPR had been initiated by a bystander, primary electrocardiography rhythm, type of life support provided by EMS personnel (defibrillation, advanced airway, intravenous line, epinephrine), origin of cardiac arrest, response time, the time from arrival at the scene to CPR initiation by EMS personnel, and the time from CPR initiation by EMS personnel to hospital arrival.
The IBM SPSS Statistics package version 23.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. A P value of <0.05 was considered to be statistically significant. Unless otherwise indicated, all numerical data are expressed as the median (interquartile range).
Results

Patient selection
During the study period, 822,460 patients with OHCA were transferred to the hospital by EMS personnel. Of these, 70,993 patients were excluded as they had not experienced an actual cardiac arrest, or spontaneous circulation had been restored before EMS personnel arrival, or they were younger than 18 years. In addition, there were 87,941 patients for whom data were missing, 2,754 for whom more than 120 min had elapsed from the emergency call to hospital arrival, or for whom more than 60 min had elapsed from the emergency call to CPR initiation, and/or for whom more than 120 min had elapsed from CPR initiation to hospital arrival. We also excluded 56,177 patients who were transferred to the hospital with a physician and/or without specially-trained EMS personnel, 400,140 patients whose OHCAs were not bystander-witnessed, and 178 patients in whom the response time was 0 min. After these exclusions, 204,277 remaining patients were included in the analysis (Figure 1 ). Figure 2 shows the cumulative rates for favourable neurological outcomes (line graphs) and the cumulative number of bystander-witnessed OHCA events (bar charts) during the first 20 min of response time. In all OHCA patients (Figure 2A ), the cumulative rates for favourable neurological outcomes decreased as response times increased, and plateaued after 10 min of response time. In addition, the cumulative rates for favourable neurological outcomes in patients who received bystander CPR were consistently higher than the cumulative rates for all patients. In patients with OHCA of cardiac origin ( Figure 2B ), the trend for the cumulative rates for favorable neurological outcomes and the cumulative number of OHCA patients were similar to the trend for all patients. Lastly, the cumulative rates for favourable neurological outcomes in patients with cardiac arrest were consistently higher than the cumulative rates for all patients.
Cumulative rates for favourable neurological outcomes and bystander-witnessed OHCA events
Response time threshold
CARTs analysis for predicting a favourable neurological outcome revealed that the response time threshold for favourable neurological outcomes for all bystander-witnessed OHCA patients was 6.5 min (Figure3A). In OHCA patients who received bystander CPR, the response time threshold for favourable neurological outcomes was 7.5 min ( Figure 3B ). In patients with OHCA of cardiac origins, the response time threshold was the same as the threshold for all OHCA patients ( Figures   3C and 3D) . ROC curve analysis revealed that the same response time threshold was associated with predicting a favourable neurological outcome for each subgroup ( Table   1 ). Table 2 shows the characteristics of all OHCA patients, and Supplementary Table 1 shows the characteristics of all OHCA patients who received bystander CPR.
Comparison of patients characteristics between early and late response groups
Those patients were divided into 2 groups according to response time threshold. There were significant differences between the groups regarding all variables except for origin of cardiac arrest. Table 3 shows the adjusted ORs for outcomes in all OHCA patients who received care in ≤ 6.5 min adjusted for all the covariates listed in Table 2 . Table 3 shows the ORs for outcomes when response time was modelled as a continuous variable. For all OHCA patients, the rates of ROSC, 1-month survival, and favourable neurological outcomes were significantly higher for patients in the ≤ 6.5 min response time group compared to patients in the >6.5 min response time group. Supplementary Table 2 shows the adjusted ORs for outcomes for OHCA patients who received bystander CPR and who received EMS care in ≤ 6.5 min adjusted for all covariates listed in Supplementary Table 1 . In OHCA patients who received bystander CPR, the rates for ROSC, 1-month survival, and favourable neurological outcomes were significantly higher for patients in the ≤ 7.5 min response time group compared to patients in the >7.5 min response time group. Tables 3 and Supplementary Table 2 also show the ORs for outcomes when response time was modelled as a continuous variable.
Adjusted odds ratios for prognoses
Discussion
This study used CARTs and ROC curve analysis to determine the response time threshold that associated with favourable neurological outcomes in patients with bystander-witnessed OHCA. Our results indicated that a response time threshold of 6.5 min was closely associated with favourable neurological outcomes in this patients group.
Furthermore, our study showed that bystander CPR increased the response time threshold by 1 min.
To the best of our knowledge, the present report is the first assessing the relationship between EMS response times and neurological outcomes among OHCA patients. Although several reports have shown that response time affects survival in OHCA patients, these reports did not describe neurological outcomes, nor did they explain their rationale for using a particular threshold. [9] [10] [11] [12] [13] Further, most of these reports were based on research by Eisenberg et al. 14 Some reports suggest that bystander CPR is associated with improved survival and neurological outcomes in OHCA patients; however, these reports do not address the relationship between bystander CPR and response time. 29, 30 The present study is the first report that specifically demonstrates that bystander CPR may prolong the response time threshold associated with favourable neurological outcomes in OHCA patients. These results may be useful during the development and execution of bystander CPR education programs, and may help non-healthcare providers understand the importance of providing CPR.
We originally hypothesized that the response time threshold for patients with OHCA from cardiac origins would be longer compared to the threshold for patients with OHCA from all causes. However, our study demonstrated that response time threshold was the same for patients with both OHCA from cardiac cause as well as OHCA from non-cardiac causes. This may be due to the fact that the number of patients with favourable neurological outcomes after OHCA from non-cardiac origins in not high. In the present study, the number of patients with favourable outcomes after OHCA from non-cardiac origins was 1,165; conversely, the number of patients with favourable neurological outcomes after OHCA from all causes was 7,100. As a result, the small number patients with favourable neurological outcomes after OHCA from non-cardiac causes might not affect the response time threshold for all patients. In fact, when CARTs analysis was used to classify patients with OHCA from non-cardiac origins according to the response time threshold associated with favourable neurological outcomes, a response time threshold was not detected.
Conclusion
In this study, we found that an EMS response time of ≤6.5 min was closely associated with favourable neurological outcomes for all bystander-witnessed OHCA patients. In addition, bystander CPR extended the response time threshold by 1 min.
However, our study has several limitations. First, this was a retrospective study.
However, it would not be possible to study this subject prospectively. Second, we were unable to analyse the effect of in-hospital procedures, or how post-arrest hypothermia or percutaneous coronary interventions may have affected patient prognosis. Despite these limitations, our results have significant implications for EMS, emergency care, and cardiac care practitioners.
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